We evaluated the organic control of the potato psyllid Bactericera cockerelli and the silverleaf whitefly Bemisia tabaci in South Texas, USA, in 2013 and 2014. We found that azadirachtin, pyrethrin, or spinosad did not adequately control B. cockerelli in 2013. However, the numbers of B. tabaci nymphs and phytoseiid mites were significantly lower after azadirachtin and pyrethrin treatments than those after spinosad treatment or in untreated control. The highest numbers of phytoseiids and lowest numbers of potato psyllids in the control plots in 2013 suggested a predator-prey relationship between these organisms. In 2014, the tallies of B. cockerelli and B. tabaci were too low in all treated and control plots for reliable conclusions about insecticide treatments. We identified the phytoseiid mites Amblyseius largoensis, Typhlodromips near tennesseensis, and Typhlodromalus near peregrinus and report for first time that A. largoensis is a predator of B. cockerelli eggs and nymphs. We did not study predation by the other two phytoseiid species. In addition, fungivorous tydeid mites of the genus Metapronematus were found in most potato fields. Also, immature stages of Lasioerythraeus (Erythraeidae) were found parasitizing B. cockerelli nymphs in a conventional commercial field. Potato yields did not differ among treatments in both years. However, the high numbers of B. cockerelli in 2013 resulted in smaller tubers and consequently lowered yield (by 1/5-1/3) in 2013 than in 2014. The impact of predacious phytoseiids on B. cockerelli and their potential for mass rearing and release in organic production systems need further evaluations.
INTRODUCTION
In 2012, we observed phytoseiids on potato leaf samples (Solanum tuberosum L., Solanaceae) during studies on insecticide efficacy against the potato psyllid Bactericera cockerelli (Sulc) (Hemiptera: Triozidae) in South Texas, USA, but phytoseiid tallies were not made. The role of phytoseiids in the control of insect pests such as whiteflies (Nomikou et al. 2002) or thrips (Messelnick et al. 2002) in vegetable production is well studied, however the relationship between phytoseiids and the psyllid B. cockerelli is unknown. This psyllid is the vector of the bacterium Candidatus Liberibacter solanacearum (CaLsol), which causes zebra chip disease (ZCD) in potato, and affects other commercial solanaceous crops such as tomato and pepper. The occurrence of B. cockerelli is well documented in the Lower Rio Grande Valley (LRGV), Hidalgo County, Texas, USA (Henne et al. 2010; Goolsby et al. 2012; Villanueva et al. 2013; EsparzaDiaz et al. 2014 ) from November to May. Its occurrence coincides with the planting and growth of potatoes in this region. The silverleaf whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) is the vector of several viruses in potatoes (Rubinstein and Czosnek 1997) . Populations of B. cockerelli and B. tabaci peak around April in the LRGV, transmitting ZCD and viral diseases, respectively, in potato plants. Thus, CaLsol and viruses may occur simultaneously in potato plants depending on the population levels of the vectors (Villanueva and Esparza 2012) .
The input of conventional insecticides to control B. cockerelli has been increasing in Mexico and South Texas since the first outbreaks of ZCD in Saltillo (Coahuila, Mexico) in 1994 and in the LRGV in 2002 (Goolsby et al. 2012) . The frequency of conventional insecticide sprays reached one application per week in the LRGV and 30 applications per growing season in different regions of Mexico (Villanueva et al. 2013 , Rubio-Covarrubias et al. 2006 . In many potato-growing regions of Mexico and Texas, B. cockerelli is considered the most important potato pest and insecticides are required for its management to produce non-infected potatoes. A single potato psyllids infected with CaLsol can transmit the bacterium rapidly. This pathogen can kill potato plants in one or two weeks or reduce considerably the tuber size (and consequently yield) if the infection starts during early periods of tuber formation. High densities of B. cockerelli in South Texas and potato-growing regions of Mexico makes the control of this pest intricate; reduction in the use of insecticide sprays, or inadequate tally of populations can result in great economic losses for growers.
For organic farmers or home gardeners, there is no available information on the control of B. cockerelli. In this study, we used azadirachtin, pyrethrin, and spinosad, the three most common organic insecticides effective against plant-sucking insects. We completed a two-year field study and a laboratory test, where we (a) evaluated the use of these insecticides for the management of B. cockerell and B. tabaci; (b) studied the presence of predacious phytoseiids and other Acari in organic, experimental, and conventional commercial fields, and (c) studied the predatory capacity of Amblyseius largoensis (Muma) (Acari: Phytoseiidae) on eggs and nymphs of B. cockerelli.
MATERIALS AND METHODS
Field studies. The studies were conducted at the Texas A&M AgriLife Research and Extension Center in Weslaco, Texas, USA; potato cv. Atlantic was used in 2013 and Frito Lay 1867 in 2014. Azadirachtin, pyrethrin, and spinosad (Table 1) Statsoft, 2012) . Monitoring mites, B. cockerelli, and B. tabaci. In 2013, we collected phytoseiids only from the organic field described above, whereas in 2014 phytoseiids were collected from three different fields: (a) a conventional commercial field, (b) an experimental field that was previously used for insecticide tests on diverse vegetables or field crops, and (c) an organic field not treated with any insecticides since 2010. Tallies were conducted by taking 20 leaves from each field biweekly from 25 January to 28 April 2014. In addition, we monitored the population densities of B. cockerelli and B. tabaci in the experimental field in both years. Mite species in subsamples were identified by Dr. Cal Welbourn from the Florida Division of Plant Industry and vouchers were deposited in the museum collection in Gainesville, Florida, USA.
Predation tests. The tests were conducted using leaf disks (10 mm in diameter) of cv. Atlantic. Prior to the experiment, adult females of A. largoensis were starved for 24 h. In restricted predation tests, a water-saturated foam pad was placed into a 10 cm plastic Petri dish (BD Falcon ® ), then a cotton pad (Webrils ® ) was placed on top. Immediately, a leaf disk containing a single B. cockerelli egg was placed on the top of the cotton pad followed by the release of a single starved A. largoensis. Each Petri dish contained 5 leaf disks and the test was repeated 5 times. In unrestricted feeding tests, a tissue culture plate (Multiwell™ BD, Falcon ® 3046 with 6 wells, flat bottom with an evaporation lid) was used; a leaf disk containing 5 B. cockerelli eggs was placed in each well. Statsoft, 2012) .
RESULTS
Field studies in 2013-2014. Population densities of B. cockerelli nymphs, B. tabaci nymphs, and phytoseiid motiles are shown in Fig. 1 . Bactericera cockerelli was not significantly affected by azadirachtin, pyrethrin, or spinosad in 2013 (Fig. 1A) . However, azadirachtin and pyrethrin significantly reduced the populations of B. tabaci (F 3, 156 8.56, p 0.05; Fig. 1C ) by mid-March; 
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Phytoseiids preying on psyllids in organic potato whereas phytoseiids/leaf on the same treatments were significantly reduced (F 3, 156 11.06, p 0.05; Fig. 1E ) compared with the control and spinosad treatments for the last two sampling dates. The population densities of B. cockerelli nymphs, B. tabaci nymphs, and phytoseiid motiles were much lower in 2014 (Fig. 1B, 1D , and 1F) than in 2013 (Fig. 1A, 1C, and 1E) , and no significant differences were found among the treatments for any of the three species. No significant effects of insecticide treatments on potato yield were found in both years (Fig. 2) . However, yields in 2014 were 3 to 7 times those in 2013 (Fig. 2) as a result of lower population densities of B. cockerelli and B. tabaci in 2014.
Monitoring mites, B. cockerelli, and B. tabaci. Phytoseiids were detected in the experimental, conventional commercial, and organic fields. Three species of phytoseiids were identified, A. largoensis, Typhlodromips near tennesseensis, and Typhlodromalus near peregrinus. Also, four nymphs of Lasioerythraeus sp. (Acari: Erythraeidae) parasitizing B. cockerelli nymphs were found in the conventional commercial field, and Metapronematus sp. (Acari: Tydeidae) was found in all fields. The cumulative mean numbers ( SEM) of phytoseiids were significantly higher in the organic field than in the other two fields by 30 April (Fig. 3) . In the experimental field, the phytoseiid population densities followed the same trend as the densities of B. cockerelli eggs and nymphs, whereas B. tabaci densities were low (Fig. 4) ; A. largoensis was identified in this field. Predation tests. In restricted feeding tests, A. largoensis consumed 0.9 0.06 (mean SEM) B. cockerelli eggs, whereas all eggs remained viable on the disks without A. largoensis. On the control disks, 0.52 0.1 eggs and 0.48 0.1 (mean SEM) nymphs of B. cockerelli were observed, whereas hatching was reduced to 0.1 0.06 (mean SEM) on the disk with A. largoensis (F 1, 49 9.3; p 0.003). In the unrestricted test, A. largoensis consumed 1.9 0.3 eggs (mean SEM) (F 1, 34 32.3; p 0.001), whereas all eggs were viable on the disks without A. were affected by the B. cockerelli and B. tabaci, whereas in 2014 the population densities of these pests were low (see Fig. 1 ).
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Phytoseiids preying on psyllids in organic potato largoensis. Egg hatching was 1.6 0.3 (mean SEM) in the presence of A. largoensis and 2.3 0.3 (mean SEM) in its absence (F 1, 33 30.47; p 0.001).
DISCUSSION
This is the first report of the phytoseiid A. largoensis preying on eggs and nymphs of B. 
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cockerelli. Amblyseius largoensis was reported to be a generalist predator (Muma 1964) . This is a common species in the southern USA including South Texas (Muma and Denmark 1970) and is one of the most important natural enemies of the red palm mite Raoiella indica (Acari: Tenuipalpidae) in Florida and the Caribbean (Carrillo et al. 2010, Carrillo and Peña 2012) , a pest of coconut and native palm species in the New World (Moraes et al 2012) . Amblyseius largoensis was introduced from Reunion Island to Brazil; if its predation activity is superior to that of the native A. largoensis strain, it may eventually be released to control R. indica (Moraes et al 2012) . Studies on the other two phytoseiid species we found, T. near tennesseensis and T. near peregrinus, were not conducted, and there is little information about them; however all these species may reduce B. cockerelli populations. Our data collected in 2014 on the control of B. cockerelli and B. tabaci with organic insecticides are inconclusive because of low population densities of these pests, which may have been caused by two factors: the winter of 2014 was colder than that of 2013 (the temperature dropped twice to near 0 in 2014) and abundant rains in January and the first week of February delayed potato planting in 2014, whereas there was no rainfall from 1 January to 30 April in 2013. Nonetheless, this study showed that azadirachtin, pyrethrin, or spinosad did not control B. cockerelli in 2013. Azadirachtin and pyrethrin significantly reduced (p 0.05) the numbers of B. tabaci nymphs compared with the control and spinosad treatment (Fig. 1C) . The same insecticides also significantly reduced (p 0.05) phytoseiid populations in 2013 (Fig. 1E) . The highest numbers of phytoseiids (Fig. 1E ) and lowest numbers of B. cockerelli (Fig. 1A) in the control plots in 2013 may indicate a potential predator-prey relationship between these organisms; this link was not observed in 2014 because of the low numbers of B. cockerelli. However, phytoseiids followed the same pattern as B. cockerelli in the experimental field. The phytoseiid density increased when those of B. cockerelli eggs and nymphs were high, whereas the B. tabaci population remained unaltered (Fig. 4) , indicating no association between the latter species and phytoseiids. Furthermore, the laboratory tests confirmed that A. largoensis preyed on eggs of B. cockerelli. We also have evidence (personal observations, a video recording, and images) that A. largoensis nymphs and adults prey on B. cockerellinymphs (data not shown).
The tydeid mite Metapronematus sp. is very poorly studied; little is known of its behavior or feeding habitats. In this study, Metapronematus sp. was observed rapidly moving forward and backward on leaf surfaces at similar speeds. A Metapronematus species was reported on citrus leaves in Florida, USA, but its behavior was not described (Aguilar et al. 2001) . Immature stages of Lasioerythraeus are ectoparasites of several insect groups. Young and Welbourn (1987) found Lasioerythraeus johnstoni Welbourn & Young on nymphs of the tarnished plant bug Lygus lineolaris (Palisot de Beauvois). Lasioerythraeus sp. larvae collected in this study were found parasitizing B. cockerelli nymphs and may contribute to the reduction of B. cockerelli populations.
The damage caused by B. cockerelli when it transmits the bacterium CaLsol early during the season is devastating for commercial potato growers because it significantly reduces yields and in the worst case the whole crop is lost. Indeed, in this study we observed that the tubers were extremely small and as a consequence yields were reduced (by 1/7-1/3) in 2013 compared with yields of 2014 (Fig. 2) . The organic insecticides used here are the most widely used for the 143 Phytoseiids preying on psyllids in organic potato control of phytophagous insects, but they failed to control B. cockerelli. Insecticides for organic production are scarce, and phytoseiids may play an important role in reducing the numbers of B. cockerelli in organic fields. This approach needs further evaluation. In organic systems, it may be necessary to include alternative host plants to increase the phytoseiid populations and conduct studies to evaluate whether mass release of A. largoensis or another natural enemy can reduce the numbers of B. cockerelli.
